Residential energy consumption is varying considerably worldwide. In order to understand these variations, and thus design effective policies for energy reductions, one needs a better understanding of the different drivers behind these variations. A comparison of geographical areas with similar climate and socio-economic conditions has shown significant variations in residential energy consumption across otherwise comparable case studies. This research paper aims to identify cultural and historical parameters that contribute to these significant variations, including economic, environmental and social traditions related to local availability of natural resources. Furthermore, the transferability of these parameters is evaluated, taking into consideration local legislation and planning documents, and historic and socio-economic accessibility of resources. It is evaluated to which degree these parameters can be transferred and included into building assessment tools and policy documents for planning and transformation of sustainable urban neighborhoods.
Introduction


Shelter and warmth-they are as essential as food for survival. Adequate living space and warmth increase the quality of human health, which is a main result of human wealth. Yet one can not get shelter and warmth without consuming natural resources.
A better understanding of cultural drivers and the socio-spatial relations they create may help indicate successful paths for transition towards more energy and resource efficient buildings districts and cities that provide a high quality of life for all of their users. The character of residential buildings and neighborhoods is inherently related to quality of life issues such as security and comfort, identity and heritage, status and property [1] . Quality and appearance of people's own homes and the neighborhood in which they reside, as well as the standard of local services, further determine quality of life [2] . Local character includes, amongst others, the presence of natural and human history, the morphology of the settlement, the nature of the routes that pass through it, and the people and communities living in or near the area [3] .
The construction and management of buildings, districts and cities is thus an important economic sector that influences people's daily lives in a profound manner. In addition, it also exerts a large impact on energy and resource consumption, biodiversity, climate change mitigation and adaptation. In order to reduce this impact, renovation of existing buildings is crucial: The annual growth rate of new buildings added to the housing stock in the EU27, for example, is estimated at around 1%-1.5% of the housing stock per year, while the number of buildings DA VID PUBLISHING D
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Areas and Relevance for Environmental Policy 687 removed from the stock only amounts to about 0.2%-0.5% of the housing stock per year [4] . Unfortunately, few components and services are developed for the renovation market. In addition, there is lack of holistic building models in which installation of components, service and maintenance is managed as a whole, centered around users' needs, preferences and behavior. Houses typically need to be sufficiently robust to incorporate a myriad of changes in the daily lives of their occupants: "Homes are the steadiest changers, responding directly to the family's ideas and annoyances, growth and prospects, etc.. Reality-based change is constant and relentless. Babies arrive, become kids, become older kids, leave; dependent aging relatives arrive, die; money comes, money goes; divorce hovers; careers change; everybody keeps on maturing in their tastes and activities" [5] .
Current energy services do not reach optimal performance in terms of balancing basic human needs and individual preferences with resource and cost efficiency [6] . The Leipzig Charter on sustainable European cities declared that "we need to tackle the combined challenges of climate change adaptation, mitigation and resource efficiency while ensuring cultural diversity and establishing high quality in the fields of urban design, architecture and environment (2007) [7] . The United Nations Environment Programme recently concluded that "(due to) deeply-rooted attitudes and practices relating to how people establish patterns of comfort and efficiency, etc. understanding the economic and psychological rationale of decisions made by individuals and institutions is increasingly recognized as fundamental to achieving energy-efficiency improvements in buildings" [8] .
Dwellings perform differently from region to region. Energy consumption is impacted by climate and socio-economic factors, as indicated in Table 1 and Fig. 1 .
Compared with other spatial factors, the most significant considerations are climatic conditions, including local temperature, humidity and ambient natural light. There is a clear need to take climatic conditions into consideration when a building's energy efficiency is evaluated. In this paper, the authors do a comparative analysis of residential energy consumption between geographical areas with similar climate and socio-economic conditions. This paper will discuss residential energy consumption in regions with similar climate and economic situation, but with different cultural backgrounds. The authors will use data from two climate zones while taking temperature as the key factor in the Köppen Climate Classification system Table 2 [9].
Differences within the Same Income Group and Climate Zone
To identify indications of how culture may influence residential energy consumption, the authors have compared different countries with comparable economical and climatic conditions, but with different cultural background. In this paper, the authors compare four countries from two different climate zones, with each other. 
OECD-Europe versus New Zealand in Climate Zone Cb
The climate, income and culture of New Zealand are comparable to OECD-Europe countries in climate zone Cb. However, residential energy consumption per capita in OECD-Europe is quite a bit higher than New Zealand (Fig. 2) , while they have the same decreasing trend in personal and dwelling floor area energy intensity. There are some facts that could explain this phenomenon. Firstly, the largest portion of New Zealand household energy consumption is space heating at 34%, then hot water at 29%, and refrigeration, other appliances, lighting and range (cooking) at around 10% each [10] . New Zealand is not a high-income country by OECD standards, New Zealanders are not extravagant with home heating and low indoor temperatures are common [11] . An international energy agency report [12] notes that on a climate-corrected basis, New Zealand had the lowest residential sector energy use per capita in comparison with Australia, Canada, Denmark, Finland, France, Germany, Italy, Japan, the Netherlands, Norway, Sweden, the United States and the United Kingdom. New Zealand had the lowest space heating intensity-measured as energy per square meter per degree day-of all the countries studied by 1995. According to the New Zealand Census in 2001 and 2006, nearly 3% of people used no heating at all [13] and almost a third of households had an average winter temperature below the WHO's (World Health Organization's) healthy indoor temperature minimum of 18 o C. Isaacs et al. [10] conclude that mean daily living room temperatures were close to 16 o C excluding the Southern South Island and bedrooms are on average slightly colder than living room and little heated. Secondly, the biggest part of housing stock in most OECD countries was built between 1946 and 1970 [14] . For example, 47.2% houses in Germany and 30.9% in Netherlands were constructed in that period. In New Zealand, the percentage of houses that were built earlier than 1970 decreased from 70% in 1999 to 55% in 2005 [15] . Since April 1, 1978, the addition of thermal insulation has been a mandatory requirement for New Zealand houses. Thus post-1978 houses have lower average heat losses and require about 20% less energy to heat to the same temperature [10] . Also in Europe houses become insulated during this period, but the building stock is much older, that is-the building stock is less insulated on average. (Fig. 3) . Household size in these two countries is nearly the same (about 2.6 persons/household), but the dwelling size is quite different. The average dwelling size per capita in Japan is half that of the USA value. The household size decreased while the dwelling size increased in the past two decades in these two countries. That means that the increase in residential energy efficiency due to building technology improvement is severely weakened by the concurrent rise in dwelling size. In addition, residential energy consumption per capita in USA is more than double to Japan (Fig. 3a) . The main reason for this huge difference comes from energy end-use patterns, which are deeply affected by traditional cultures. Japanese and other Asian countries have a good tradition in saving. Japanese tend to heat only one room when they are at home [16] , while Americans tend to heat the whole house even though their houses are much bigger than those in other countries. In a similar pattern, most occupants only use artificial lighting in the room in which they reside and tend to turn off the lights when they leave while eastern countries households wash their clothes in room temperature. Furthermore, the residential energy per capita in Japan slightly increased from 1990 to 2007, while the residential energy per capita in USA showed a decreasing trend. This phenomenon is mainly due to the result of the Japanese culture changing to a more western lifestyle-including energy use [17] -even though both cultures are introducing more energy efficiency household appliances and buildings. It is a strong indication of the cultural role in energy consumption.
USA versus Japan in Climate Zone Ca
Conclusions and Discussions
Residential energy consumption is varying considerably worldwide. In order to understand these variations, and thus design effective policies for energy reductions, one needs a better understanding of the different drivers behind these variations.
A starting point for such understanding is the study of comparable areas in term of income and climatic conditions. In this paper, the authors have shown that residential energy consumption is varying considerably, despite relatively equal climatic and economic conditions in different parts of the world. Comparison of statistical data suggests that cultural indicators and particularly their development over time, influence residential energy consumption of individual households and society as a whole. These cultural indicators can on the one hand be linked to building type and age and the historical development of building practice in local societies. Such variations are decreasing due to globalization of economy, building industry and lifestyles. In addition, increasing income and comfort standards appear to influence energy and resource efficiency in a negative manner, particularly in cultures that have a large tradition of energy saving.
The study does also point towards another interesting feature of how the authors collect and present available data. Most often data are presented as kWh/m 2 , not kWh/capita. The difference, as shown in Fig. 3 , is dramatic. Identifying the impact of these divergent indicators of effectiveness is crucial in order to address and avoid the rebound effect, where "efficiency gains from a new technology are undermined by increase in consumption of the resource involved" [8] . A per m 2 energy performance target, does not limit the total energy usage in buildings-unless a per capita (design) limit is enforced. Also, as per capita floor space decreases, energy consumption per m 2 increases, due to the basic need for hot water and cooking. Policies should be designed in such a manner that one facilitates residential building design with the overall lowest energy usage per capita. In this regard, one also needs to look at the bigger picture, and include infrastructure and transportation on a per capita basis in further studies, in order to design effective policies. If such holistic approach is pursued, necessary policies can be designed for the creation of sustainable neighborhoods.
Last, the study shows the importance of addressing existing building in climate change mitigation. Already the authors have existing technologies that enables people to build buildings with an average energy use for floor heating of less than 15 kWh/m 2 yr -1 , more than a factor of 10 down from the existing energy use. But the real potential lies within the renovation and refurbishment of existing buildings, as well in technologies for the control of energy usage, such as light and heating control. However, according to a recent study by the ECEEE [18] , "despite some excellent initiatives and approaches to improving the energy performance of existing buildings, the immense potential for cost effective energy saving and carbon reduction is unlikely to be achieved without a combination of: strong policy drivers, effective financing schemes and increased propensity among building owners/occupiers to take action." More profound knowledge of local cultural drivers can help set up targeted performance-driven programs for large-scale implementation of energy efficient renovation of residential buildings.
